Abstract: Acetylation of cellulose by acetic anhydride was found to be catalysed quantitatively by iodine under solvent-free conditions at room temperature. Cellulose acetates were characterised by 1 H NMR spectroscopy.
Introduction
Owing to the continuing increase of oil price it becomes desirable to produce plastic materials from cheap, abundant and renewable biomass resources such as agricultural wastes. This study describes a new and inexpensive method for producing cellulose acetate from cellulose sources such as barley bran, olive pomace and used cardboard packaging.
Acetylation of cellulose represents one of the most versatile transformations of biomass, since it gives access to a variety of bio-based materials with valuable properties. Cellulose acetylation is thus an important industrial process but it requires large amounts of solvent and a strong energy input. This reaction usually proceeds by using acetic anhydride in the presence of an acid or a base as activator. It is generally catalysed by addition of pyridine or dimethylaminopyridine [1] . Lewis acids such as ZnCl 2 [2] , TiCl 4 [3] or Sc(OTf) 3 [4] can also be used to promote acetylation. Most of these Lewis acids present a number of drawbacks: they are moisture sensitive and toxic; in addition, metal triflates are highly expensive.
The discovery of new, less toxic and inexpensive catalysts is actually highly desirable. The great efficiency of iodine as a catalyst for acetylation of primary and secondary alcohols was recently demonstrated [5, 6] . This catalyst is moistureresistant and environmentally benign; moreover it can be easily recycled in the case of industrial use. In this work we describe for the first time a total acetylation of either cellulose or cellulosic residues with a very efficient and mild method that does not need any solvent and works at room temperature with the system Ac 2 O/I 2 .
Experimental part

Materials
Cellulose powder (c. 20 µm) was obtained from Aldrich. Olive pomace was a gift from Tunisian Olive oil Production at Ksar Hellal Tunisia. Barley bran also came from Tunisia. Acetic anhydride and dioxane were obtained from Acros and were used as received. HCl was obtained from Fisher Scientific.
Methods
Delignification 25 g of olive pomace after fat extraction were suspended in 400 mL of a mixture containing 90% of dioxane and 10% of 1 M HCl. After 2 h reflux the residue was thoroughly washed with 90/10 dioxane/water and dried, and 11.5 g (46%) of a fine powder were obtained [7, 8] .
Barley bran was subjected to the same treatment and gave 36% yield of cellulose.
General method of acetylation 1 g (6.2 mmol) of purified cellulose was treated with 6 mL of acetic anhydride (63 mmol) and iodine (15%, 0.93 mmol) with stirring at room temperature during 3 h. After completion of the reaction, cellulose acetate was precipitated by water containing sodium thiosulfate. The precipitate was resuspended in methanol, filtered, washed with methanol and dried in vacuum (final weight 1.72 g; yield 97%).
Results and discussion
Preliminary experiments on cellulose powder showed very promising results. In the presence of 10 eq acetic anhydride and 0.15 eq iodine, the reaction was complete within 3 h and yielded pure cellulose triacetate (Scheme 1). This procedure was then applied to cellulosic residues extracted from agricultural or domestic wastes biomass. These materials were first delignified in acidic media consisting of 1 M HCl in dioxane and then efficiently acetylated by this process as shown in Tab. 1. Molar yields are always 95% or better with a nearly quantitative acetylation of cellulose free hydroxyl groups (degree of substitution: DS = 3). 1 H NMR spectra were registered to check the purity of the samples and to determine the degree of substitution. Samples were dissolved in deuterated chloroform (CDCl 3 ) to form a 2 wt.-% solution. The different proton signals of the internal anhydroglucose units (AGU) were fairly resolved and the coupling constants could be calculated. A COSY experiment allowed the assignment of each signal. These data are in accordance with a recent paper by Klemm et al. [9] . The signals from reducing end glucose (REG) appeared separately and could be integrated. An example NMR spectrum of pure acetylated cellulose powder material is shown in Fig. 1 . It can be seen that there are very little impurities. The anomeric REG protons are visible and could be assigned in a COSY experiment (Fig. 2) . The integrals of α and β anomeric REG protons allowed us to calculate the α:β ratio and the average degree of polymerisation according to the formula: 
Conclusion
In conclusion, the acetylation of cellulose catalysed by iodine can be achieved in very mild conditions without any added solvent. This method avoids the formation of waste and provides a very simple experimental work-up procedure. It represents a promising way of valorisation of cellulosic biomass and cellulosic wastes from agricultural or domestic origins.
